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Abstract

The history of meteorites in Western Australia since the first meteorites were discovered
near Quairading on 4 January 1884, is reviewed. Several individuals have made
a significant contribution to the Collection during that period of time, so that it now
comprises approximately 190 local and 120 other Australian and overseas meteorites.
The science of meteorites has played and will continue to play an essential role in our
understanding of the formation and evolution of the solar system. Because of the
unique characteristies of a number of Western Australian meteorites, many of them have
been the subject of detailed petrological and isotopic studies. The meteorites which have
been recovered from the desert regions of this State represent a rich store of extra-terrestrial
material which now comprises part of our heritage and will continue to contribute to our

expanding knowledge of planetary science.

Out of the Sky

A meteorite is a solid body which has arrived
on the earth from outer space. The name is derived
from the Greek word mefeora, which means “things

out balls of fire.”” There were reports of “a terrific
rumbling noise” and “bangs up to six or seven in
number.” The violent explosive reports are caused
by atmospheric shock waves which accompany the

in the air”.  Material from interplanetary space is H;:;grlrllel?tt}thlgn.”g:o:lher;::eleonle droting s b FiEe
colliding w1'lh the earth in amounts estimaied at £h ; eh :
between a few thousund and a few million tonnes Most evidence suggests that the mujority of

per year. Most of this solar system debris is too
small to penetrate the atmospherc and is vaporised
by frictional heating to form a “shooting star” or
meteor. A few objects however, are sufficiently large
to reach the earth’s surface as meteorites.

Although the science of meteorites is very young

meteorites are from the asteroid belt, although it 1s
bzlieved that some of the smaller debris encountering
the Earth's atnmiosphere may in fact be derived from
comets.  Asteraids are small, solid bodies. enormous
numbers of which orbit between Mars and Jupiter.
The largest, Ceres. is 770 km in diameter. It has
bzen estimated that there may be 10 asteroids arger

man's experience with meteorites probably dates _ ' g . :
from the very dawn of the haman mind. Philosophers than 10 km and perfiaps 10 larger than Im in
of ancient Greece and writers of the Han Dynasty diameter. ‘The atmospheric entry trajectories and

in China described metcorite fulls. The sacred VYelocilies of three meteorites have been determined
stone of Kaaba in Mecea fo which Moslems [rom multiple-station meteor cameras (o permit
pay homage, is apparently a  meteorite. talculations of their pre-terresirial orbits in space.
We also know that the American Indians Lhese orbits resemble the orbits of known asteroids

revered meteorites, and that yearly pilgrimages were
made by the Cree and Blackfeet tribes to the top
of a hill in Southern Alberta on which lay the lron
Creek meteorite. The Winona meleorite was found
in a stone cyst such as was used for child burials
among ruins near Winona, Arnzona. Some iron
meteorites have been made into weapons reputed 1o
confer supernatural powers on the bearer.

that cross the Earth’s orbit.

The column of air a meteorotd must displace as
it falls to earth wvaries as its cross-sectional area,
whilst the mass of the meteoroid varies as the cube
of its dimension. Thus meteoroids of several metres
in diumeter which weigh in excess of 100 tonnes are
more massive thun the columin of air they displace—

so the atmosphere cannot slow them down
The fall of a meteorite cun often be u spectacular  significuntly.  Pressure of air agaimst the fuce of

event. On September 2nd 1967, a stonc meteorite
fell near Wiluna in Western Australin (MeCall and
Jeffery 1970). According to witnesses the sky was
lit by a flash “like a welding arc—white and blue.”
One man saw “an object about 20 feet long throwing

(1)—27474
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mecoming large stone meteorites tends to break them
up and a shower of small stones results. large iron
meteorites on the other hand, are much more
durable and may reach the ground at velocities of
tens of kilometres per second.
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Figure 1.—Fhe Wolf Creek Meteorile Crafer which 3§ located some 106 km somh of Flulls Cree 3
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diameter of the crater is approximately $00m and it s 40-55 m deep.

If a 100 tonne iron meteorite fell, its kinetic
energy at impact would be enormous (perhaps
2 x 1001 g, and it would explode as violently
as a nuclear bomb. The only explosive encounter
in recent times occurred near the Tunguska River in
Siberia in 1908. Some degree of mystery surrounds
the devastation which occurred in this region, as no
scientific expedition was mounted until 1927, A
bright fireball accompanied the cxplosion which was
heard up to 1000 km away, Some have argued that
the explosion was caused by a small comet. or by
an anti-matter object, or even by a black hole.

Some 35 structures in the Farth have been identified
with  varying degrees of certainty as ancient
meteorite explosion craters—the largest being the
Arizona Meteor Crater which is 1.2 km in diameter
and 140 m deep. Specimens of an iron meteorite
have been recovered from the site. Twisted and
deformed, these irons are called “Canyon Diablo”,
after a canyon which winds its way across the
surrounding terrain.

The Wolf Creek crater near Halls Creek in Western
Australia is an impressive structure some 800 m in
diameter, It was only discovered in 1947 when it
was recognised from the air. The crater is partly
filled with wind-blown sand and gypsum. Shale balls,
up to 136 kg in weight were recovered from. the
crater (Cassidy 1954), but little meteoritic material
has been found. A photograph of the Wolf Creek
crater is shown in Figure 1. The only other crater in
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Western Australia  where meteoritic material  has
been found is at Dalgaranga. north of Yalgoo.
This crater is approximately 25 m in diameter and
3m in depth. Discovered in 1923 by Mr, G. E. P.
Wellard, it has stony iron (mesosiderite) and metallic
fragments associated with it, and is undoubtedly of
meteoritic origin.

The Veevers Crater (Yeates er al. 1976) between
the Great Sandy and Gibson Deserts and, more
doubtfully, certain structures in the Kimberley region
(Roberts et al. 1965), may also prove eventually 1o
be of meteoritic origin, Small pieces of stony
meteorite were found within a probable impact crater
(as distinct from an explosion crater) on the
Nullarbor Plain (McCall and Cleverly 1968),

History of meteoritics in Western Australia

The first recorded meteorites in Western Australia
were a number of irons discovered by a policeman
named Alfred Eaton, towards the end of the 19th
century, when agriculture was being established to
the east of the early settlement at York. These
became known as the “Youndegin” meteorites after
a police outpost, although they were actually collected
near Pikaring Rock in the Quairading district.

While most of these meteorites were identified in
the period 1884-1893, a number of other irons of
similar structure were found in the same vicinity—
the last in 1929, The four meteorites discovered
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by Alfred Eaton on January 5th 1884, were
subsequently shipped to England, where they were
sold to a scrap-metal dealer. Fortunately they were
recognised in time and acquired by museums around
the world. Youndegin I tof mass 11.7 kg), is now
in the British  Museum  (Natural  History);
Youndegin 11 (10.9 kg), at the National Museum,
Melbourne; Youndegin I1T (7.9 kg) at the Western
Australian Museum, whilst Youndegin 1V (2.7 kg),
15 also in the British Museum (Natural History).
Other samples of the Youndegin meleorites are
located in museums in Chieago, New York and
Vienna, whilst a picce of Youndegin VI was made
into a horseshoe and hung for many years in «a
blacksmith’s shop in York. 1In 1954 My E. C.
Johnston presented a Targe 2 626 kg iron meteorite
to the Western Austrahian Museum.  Originally
found in 1903 on a gravel ridge approximately 34 km
south-east of Quairading, it was rediscovered by My
Johnston whilst scrub-rolling with a World War
11 General Grant tank. This meteorite. which was
called “Quairading”, is now on display in the
Museum. A detlailed examination of the geographical
location, microstructure and chemical compos.tion
of the Mt. Stirling, Mooranoppin, Quairading and
the Youngdegin meteorites by de Laeter (1973, a).
has shown that they are all members of the onc
meteorite shower.

Western Australia is in an extremely fortunate
position with respeet to meteorites. Approximately 190
have been found in this State and on an areal
basis this represents a recovery rate treble that
of the world average. Despite the sparse population
and the relatively recent time ol settlement by
Ewropean man in Western Australia, there are a
number of factors which have led to our excellent
record Iin meteorile recovery:—

(i) The large regions of urid ecountry cnable
meteorites to be preserved for long periods of
time after falling to the earth’s surface. and
to be recovered more casily than in heavily
vegelated terrain. Ploughed farmland also
increases the possibility of finding metcorites.

As far as can be ascertained. the Aborigi-
nal people of Australia werc not interested
in meteorites, ecither as objects of reverence
or for their use as metals, whercas in many
other countries with ancienl civilisations,
meteorites have been collected and used for
a variety of purposes over the centurics.

(iii) The people of Western Australia who have
presented their discoveries to the Museum for
identifieation and display without thought of
personal gain, but in the recagnition that these
objeets are of tremendous value to science and
represent part of our eommon heritage.

(ii)

These factors have enabled Weslern Australia to
develop an excellent meteorite colleetion.  Not only
do we have ua fine collection of locul meteorites,
some of which are unique, hut we have been able
to exchange our meteorites with other Museums. so
that we now have in cxcess of 100 meteorites
from other parts of the world in our collection. The
collection is administered by a Melcorite Advisory
Committce, whieh has the responsibility of assessing
proposals from scientists around the world who wish

(2)—27474
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to analyse Western Australian meteorites.  Under
the Western Australian Museum Act of 1969, legal
ownership of meteorites found in the State rests
with the Crown.

The doyen of Weslern Australiun meteorite col-
lectors is undoubtedly Mr A. J. Carlisle.  Approxi-
mately 80 meteorite speeimens have been tound by
members of the Carlisle family. 1t is doubtful if
anyone else in the world has been responsible for
finding as muany meteorites as Mr Carlisle.  The
Nullarbor Plain has becen a happy hunting ground
for meteorite collectors, and the collaboration be-
tween M Carlisle and Messrs W. H. Cleverly and
M., K. Quartermaine. former staff members of the
W.A. School of Mincs, has been instrumental in
enabling these meteoriles to be recovered, identilied
and displayed.  The most amazing discovery mude
by Mr Carlisle was in recovering a small, rare
carbonuceous chondrite called “l.ookout Hill". The
specimen only measured a few centimetres in diu-
meter and was covered in red soil, yel was recag-
nised by Mr Carlisle as a meteorite, and later con-
firmed to be of extreme rurity.

The person who was instrumental in laying the
foundation for the State’s metcorite colleetion in the
first 40 years of this century was Dr. E. S. Simpson,
who from 1922 1o 1939 was Government Mineralo-
gist and Analyst.  Although mostly remembered for
his pioneering work on Western Australian minerals,
he was also a keen metcoriticist who assiduously col-
lected and analysed a variety of meteorites, and
ensured that they were placed in museum cellections
(Simpson 1938). Dr. Simpson was an active member
of the Royal Society and was President in 1939,
It 15 generally coneeded that the meteorite collections
in Western Australiz would he incalculably poorer
but for the pionecring work of Dr. Simpson,

The years from 1940-1960 were barren ones in
melcoritics in Weslern Australia.  Few meteorites
were recovercd. and with the death of Simpson. the
meteorite collections fell into disuse. In 1963 Dr
G. J. H. McCall (from the Geology Department at
the University of Western Australia), became in-
terested in meteorities, and the meteorites in the
State were classified, resulting in the first Catalogue of
Western Australian Meteorite Collections (McCall
and de Lacter 1965). This catalogue overcame the
lack of information on the various meteorite col-
lections in the Stute, at a time when there was an
mereasing awarencss of the scientific importance of
meleoritic material in deciphering the carly history
of the solar system, and in the Tormation of planets.
In fact shortly thercafter some of the State’s meteor-
ites were used in a study of the nuclear processes
which had synthesiscd the element tin in stars (de
Lacter and Jeffery 1965); this being the first of
many scientific investigations in many Taboratories
around the world in which Waestern Austrulian
meteorites played an important role,

Al that time there were only 50 melteorites in (he
collection, but many of them—like the Youndegin
meleorites—were specimens of the one meteorite
shower. Tt was also of interest to note thar 29
of the 50 meteorites were irons, in contrast to the
world-wide figure in which only about 6% of the
number of meleorite specimens are irons. This
situation reflected the fact that irons are more czlsily
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recognisable than stony melcorites, require less
sophisticated scientific techniques for proper identili-
cation, and are preserved for greater periods of
time on the Earth's surface than the more readily
weatherable stone meteorites.  There were only three
meteorites which had been recovered after they had
been observed to fall.  The remainder were all
“finds”.  The small proportion of “falls” to "finds™
is probahly due to the sparsc population of the
State.

Dr McCall remained the driving force behind
meteoritics in this State for approximately 10 vears,
in which time the collection was properly organised
and many mcteorites were recovered.  When the
Second Supplement to the Catalogue was published
(McCall 1972), 93 meteorites were recorded. most
of the additional metcorites being stones, many of
which had been identified and classified by Dr
MeCall.

It was fortuitous that Dr McCall's replacement on
the Geology Department staff at the University of
Western Australia was Dr R, Binns., A distingnished
meteoriticist, Dr Binns assumed the Chairmanship
of the Metcorite Advisory Committee. and his in-
ternational contacts proved invaluable in arranging
for meteorite exchunges and in amending the names
of some Western Australian meteorites to conform
with the International Meteorite Nomenelature Com-
mittee. Meteorites are named after the nearest €co-
graphical feature to where they ure found, but the
Western Australian deserts are not well endowed
with such features, and thus there are metcorites
from the Nullarbor Plain which carry such titles
as “Laundry Rock Hole”, “*Mulga West™, “Pannikin®
and “Billy Goat Donga™.

Messengers from space

Nobel Prize winner, Harold Urey, once said that
melteoriles ure the only samples of extra-terrestrial
matter delivered 1o our doorsieps free of churge.
While the genesis ol melcorites is by no means Tully
understood, there is no doubt that they are the most
primitive material we have in our possession. They
have remained virtually unchanged since the time
the solar system formed. and are more represent-
tive of the composition of the solar system than (he
highly differentiated erust of the Farth. 1n conse-
quence. clement and isotope abundances measured
in meteorites provide some of the basic fucts o be
explained by astrophysical theorics of the synthesis
of the clements. The amount of information con-
tained in a few grams of meteoritic material is quite
remarkablc,

Mecteorites may be classilied into  three major
groups—stones, irons and stony-irons; the former
being by fur the most abundant in number in spite
of the fuct that irons are often the most publicised
and  well-known 1o the layman.  Mineralogically
meteorites consist of varying amounts of nickel-iron
alloys, silicates, sulpbides and other minor phuses.
Stony meteorites most closely resemble terrestrial
rocks and have the greatest variely in composition,
colour and structure, These meteorites consist of
olivine, pyroxene and plagioclase feldspars together
with metullic nickel-iron and the iron sulphide troi-
lite.  One particular structural feature called chond-
rules divides the stony meteoriles into two major
sub-groups—chondrites and achondrites,
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Chondrules arc small, ncarly spherical silicate in-
clusions which have been formed under melting or
rcheating conditions.  The ordinary chondrites con-
sist entirely of high temperature mincrals and are
remarkably uniform in composition. They approxi-
mate the equilibrium mineral assemblage that would
be expeeted to develop in a rock of chondritic com-
position if held at moderately high temperatures
(500-1000°C) in a closed system.

The chondrules are embedded in a malrix of a
similar mineralogy, and the boundaries between the
chondrules and the matrix are often indistinct—ihe
result of thermal metamorphism,  Van Schmus and
Wood (1967) have used a binary classification in
which cach chondrite is assigned a chemical group
and a petrologic group on the basis of the degree
of chondrule—matrix intergrowth.

A very important subset of the chondrites are the
carbonaccous chondrites. which are grey to black in
coivur and consist of high temperature, anhydrous
minerals embedded in a fine grained, blackish carthy
maltrix. The carbonaccous chondrites take their name
from the fact that the matrices are impregmated
with a wrry mixture of organic compounds up to
5% by weight, The presence of this low temperature
material implies that they are very primitive meteo-
rites and closely upproximate the unaltered primor-
dial material of the solar system.  Although the
carbon  compounds do  not” nevessarily  indicate
hiological matter, they do closely resemble the
organic molecnles upon which life is based. In fact
the chemical composition ol the Cl1 curbonaceous
chondrites  closely match  the  composition
of the Sun and have been used s the
basis ol the Standurd Distribution of the elements
(Anders and Ebihara 1982). This distribution is the
basis for all theories of element formation in stars,
(Burbidge er al. 1957), and without it our present
knowledge of the evolution of the Universe would
be greatly reduoced.

The achoudriies, as the name im
sess chondrules, and are simil
rocks.  The
similar 1o

plics, do not pos-
. ar to terresinal igneous
y are of interest because they are broadly
many lunar samples, implying that they
came from a part of the solar system where geo-
logical processes once operated much as they did
on the moon.

lron mereorites consist largely of nickel-iron, gen-
erally with a nickel content of 5-10% und a cobalt
content of approximately 0.5%. but often contain
trotlite, which is an iron sulphide. In fuct the high
nickel content is an effective method of identifying
iron meicorttes.  Irons consist of (wo metallic alloys
arranged  in a characteristic geometry-kamacite
(6-7% nickeD and taenite (30-50% nickel). De-
pending upon the proportion of nickel to iron, iron
meteorites are subdivided into three groups—hexa-
hedrites.  ociuhedrites and  ataxites. Iexahedrites
nave 4-6% nickel occurring as kamacite, whereas
at the other end of the seale. ataxites have g nickel
content m excess of 124, and consist mainly of
taenite with an intergrowth mincral of kamaucite
and taepite called plessite,

The most abundant type of iron meteorites are
the actahedrites which contain both kamacite and
tacnite, forming an interlocking  erystal  structure
called the Widmanstatten pattern.  If the surface
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of an octahedrite is polished and etched, this beauti-
ful  metallurgicat  pattern is  revealed. An
example of the Widmanstatten pattern of the Youn-
degin meteorile is shown in Figure 2. This structure
developed during the slow cooling of meteoriles from
high temperatures—the Kamacite plates nucleated
from taenite crystals, then grew in thickness with

k& S % 2
Figure 2.—Polished and etched scction of the Youndegin 11
wron meteorite, showing the coarse Widmanstatten pattern
typical of octahediiles.
the nickel contents of both the kamacite and taenile
alloys changing as they adapled to new equilibrium

conditions at lower temperatures. Solid state dif-
fusion of nickel and iron atoms ucross the crystal
faces was the mechanism which enubled the scparn-
lion of the alloys to occur. Laboratory studies
carried out on the diffusion rates in nickel-iron alioys
have enabled deductions to he made of the declining
temperatures that the octahedrites must have ex-
perienced to eslablish the present compositional gra-
dients. It has been found that the octahedrites
cooled through the temperature range 600 10 400° C
at rates of a few degrees every million years tGold-
stein and Short 1967).

The question of the number of parent meleorite
hodies involved has been tackled by John Wasson
and his colleagues at the University ol Californiy
at Los Angeles (Scott and Wasson 19751, By
analysing o« number of trace elcments in  iron
meteorites—principally gallium, germanium and iri-
dium together with their corrclation with nickel—
it has been shown thut meteorites c¢luster in chemical
groups which can be interpreted as characterising a
geochemical rcgime corresponding to a number of

parent bodies. Other trace elements also show
similar correlutions and enable other fractionation
mechanisms 1o be  identified (e.g. Mermelengas
et al. 1979).

The final group of meteorites ure the relatively
rure sionv-irous or mesosiderites, which consist of
silicate minerals and nickel-iron in approximately
equal proportions.

Ages of meteorites and the birth of the solar system

Radioactive decay is the systematic transformation
of a parent radioactive nuclide into a daughter
noiclide, which more often than not is stable. |If
the hualf-tife of the radioactive Lransmutation is
known and we can measure the amounts of parent
annd daughter nuclides present today, we should, in
principle, be able to determine the age of the material
in which the radioactive nuclide occurs. The most
commonly used geochronological decay scheme s
based on the decay of the radioactive isotope *"Rb
1o the stable isotope “'Sr. Thus if a rock containing
some rubidium was formed early in the solar sysiem
and has remained a closed system cver since, we
should be able to calenlate its age by measuring
lhe Isotopic composition of strontium in @ mass
spectrometer---an  instrument  which  measures  the
abundance of the tsotopes of a given element.

The age of the solar system can be measured by
analysing meteorites, for these objecls have been
relatively undisturbed since the beginning of the
solar system.  Accurate mcasurcmentls have been
carried out on chondritic metcorites to give a con-
sistent age of 4600 milhien years, which we now
accept to be the age when the cold and dark of
space was trunsformed by crushing gravitational
forces into a fiery thermonnclear inferno—which
heralded the birth of « brand new star which we
call the Sun.

But what was the mechanism that triggered oft
the birth of our solar systcm? Perhaps the answer
lics in the meteorites.

in 1960 a physicist named John Reynolds at the
University of California in Berkeley, wus measuring
the isotopic composition of the rare gas xenon which
he had extracted from the Richardton chondrite. To
his surprise he found that the proportion of one of
the isotopes of xenon—'"Xe—wus approximately
50% greater than that of "Xc¢ from the carth’s
atmosphere (Reynolds 1960). He realised thai the
excess '¥Xe had come from the decay of the radio-
aclive parent ' which no longer exists on earth
because its half life is only 17 m.y. Thus if ™1
is synthesised in stars it would disappear after about
170 m.y. C(or 10 half lives). Reynolds concluded
that if the decay product of ' was present in
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meteorites as ‘**Xe, then the meteorites must have
formed into solid objects less than 170 m.y. after
1 had been synthesised in stars.  In other words,
the birth process itself was relatively short—certainly
less than 170 m.y.

Subsequent work with another short-lived radio-
nuclide **A1 (¢half life 0.72 m.y.) has shown that
condensation of nebular gas took no longer than
10 m.y.. We ulso believe it was these short-lived
radioactive nuclides that provided the heit necessary
lo mell the meteorile parent bodies and allow gravi-
tational separat.on to accur. (lee er al. 1977).

In the last few yeurs some exciting discoveries
have been made by examining the isotopic composi-
tion of elements trom the high temperalnre incli-
sions in the carbonaceous chondrite Allende, which
fell in Mexico in 1969, 1t has been found that
inany clements extracted from the Allende inclusions
have an anomalous isolopic composition in com-
parison to other meteoritic or terrestrial materiul,
and this has stimulated astrophysicists to consider
new models for the formation of the solar system
(Begemunn 1980). The evidence now points to the
fact that a supernova explosion may have “triggered

oil " the bhirth of the solar system. In fuacl some
scientists  believe that the Sun was born amids
a fireworks of supernova explosions. presumably

connected with the passage of one of the spiral
arms of our Gataxy throngh the region of spuace
from which the Sun originated. The varions iso-
topes of the clements synthesised by @t varicty of
nuclear processes in supernova explosions have been
well mixed into a homogeneous pool of isotopic com-
position throughout most of the solar svstem, bnt in
the primitive high temperature inclusions in Allende,
we can stirt to unravel the very nuclear processes
whicn gave us birth.

Western Australian metcorites

in 1892 a rare iron meleorite was recovered near
Ballinoo on a tributary of the Murchison River.
Subsequently a similar mecteorite wus found in 1916
near Mount Magnet.  This latter specimen has a
unique horseshoe-shaped form. Al the time of their
discovery both Ballinoo and Monnt Magnet were
unusual in that they contained a high concentration
of nickel (9.86% and 14.71% respectively).  Sub-
sequently the Warburton Range meteorite was  dis-

covered and found (o contain 18.14% nickel (de
Laecter 1973b).
The discovery of the Bencubbin stony-iron

meteorite fwhich was recovered from a ficld during
ploughing in 1930 and was followed by a second
find in 1959}, gave Weslern Australia a meteorile
of extreme rarity and scienlific importance. It
contains chondritic material as enclaves in a host
that consists of clinoenstatite and olivine enclosed
in a metal reticulation which reveuls a strong direeted
fubric suggestive of erystallisation under directed
pressure (McCuall 19689,

Another ususual mesosiderite is Mount adbury
which was found by W, C, Martin in 1964. Monnt
Padhury is a polymict breccia containing large olivine
crystals together with achondritic enclaves (McCall
1966).  This is the sccond greatest mass of nicsosi-
derite malerial ever recovercd, some 272 kg having
been found.
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The Mount Egerton meteorite is also an unusual
meleorite in that it could be regarded as an achon-

drite with metallic inclusions. but some of the
material s metal with silicate 1inclusions, When
a section of the metallic phase is polished and

T

etehed, it gives a curious “ruled” etch pattern which
is thought to be due to the presence of a nickel iron
silicide  (McCall 1963).

Anotiher unusual iron metcorile is Redfields, which
is a brecciated phosphide-rich meteorite {(de Lacter
et al. 1973). The high phosphide content has ap-
parcntly inhibited Widmanstiitten pattern develop-
ment so that although the nickel content is 6.65%
no taenile is present, Furthermore the meteorite
has graphite inclusions, about 1 mm across, dis-
tributed throughout the metal giving it a ‘“raisin-
bread™ uappecaruance.  The unusual structure of this
meteorite is thought to be due to such factors as
high carbon and phosphorus content and relatively
rapid cooling.

One of the most impressive meteorites which has
been recovered in Western Australia in recent years
is tihic M. Manning iron. Weighing 701 kg it was
discovered in 1979 at a sile some 3 km east of the
Mt. Munning Range. The mieteorite has a fan-like
or delta-wing shape as illustrated in Figure 3. One
side of the spccimen is smooth, slightly concave with
a characteristic fusion crust, whereas the other sur-

Figure 3.—The Mount Manning iron meteorile displaying the
rough, convex-shuped surface which conlains numerous
well-delined regmaglypts. The jagged, ablated trailing edge
of the meleorite is distinguished by the faci thal a sample
};1(;)15 been cut from this portion of the meleorite (Scule —
0 cm).

face is convex-shaped, pitted with regmagiypts and
extremely rough. 1t has been postuliuted (de Lacter
[980). that the melcorite performed u  delta-wing
like flight at a high angle of attack through much
of the Farth’s atmosphere in a stable aerodynamic
configuration,  In this descent path the underside
ot the meteorite was smoothed by utmospheric abla-
tion, whercas the upper surface did mot experience
extensive melting.  The thin trailing edge of the
metcorite has been affected by heat as evideneed by
Ltsijugged appearance perforated in some places by
oles,
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An X-ray Huorescence spectrometric examination
of the chemical composition of the Mi. Manning
meleorite revealed that it belonged to the rare 1C
class of iron meteorites (Thomas and de Laeter
t972). However in the Western Australian Museum
collcction there were two other meteorites, named
Gosnells wnd Mt. Dooling, hoth belonging to the
Group 1C classification. De Laeter er af. (1972} had
previously shown that the 1.6 kg muss found at
Gosnells wus part of the NMi. Dooling meteoriie,
which had been found in 1909, Further examina-
tion showed that Gosnells and Mt. Dooliag were
both members of the Mt Manning meteorite fall.
It is believed that thz original meteorile was travel-
ling 1n a south-westerly drection and fragmented
near the Mit. Manning Range. Presumaebly the
Gasnells fragment was (ransparted by human agency,
li is possible that other specimens will be found in
the vicinity of (he Mt. Manning Range.

No discussion of Western Australian meieorites,
no matter how brief, would be complete withoul
some mention of the Mundrabilla meteorite shower,
which contains the largest meteorites ever found in
Australia, and one of the largest found anywhere
in the world. Two large masses, weighing 11 000 kg
and 5000 kg were discovered saome 182 m  apart
approximately t6 km north of Mundrabilla Siding on
the Nullarbor Plain in 1966 by R. G. Wilson and
A. M. Cooney.

Mundrabilla No. 2 was originally (ransported to
the finder in Adelaide, but was later sent to the
Max-Planck TInstitut fiir Kernphysik at Heidelburg
where several slices were cut under the supervision
of Professor P. Ramdohr. These slices were made
available for display in various institutions around
the world and one sueh slice is on display at the
W.A, Museum. A small eut piece and the remains
of the main mass are held by the South Australian
Museum. The main mass of Mundrabilla No. |
(11 000 kg, is on display in (he W.A. Museum.

More recently Mr A. 1. Carlisle found another
two large specimens of Mundrabitla at a location

some 20km ecast of the site wherc Mundrabilla
No. | and 2 were found. figure 4 shows Mr

Carlisle standing alongside the 840 kg specimen of
Mundrabilla No. 3 in its original jocation in the
Nullurbor Plain.  Both Mundrabilla No. 3 and 4
are now on display at the Museum. De Lacter and
Cleverly ©1983) have recently analysed the Mun-
drabilla specimens and described their discovery.
The metleorites were coaled with a crust of iron
oxides and surrounded by innumerable small,
knuckle-shaped fragments which had been shed in
Aight duc to ablation of the main masses. This is
due (0 the fuct that the Mundrabilla meteorites
contain a significant amount ol troilite, much of
which was burnt out in (he meteorile’s passage
through the atmosphere. Thus the characteristic fea-
ture ol the Mundrabilla meteorites is the deep cavi-
ties which can readily be observed in the surface.

One of the most remarkable meteorite discoveries
occurred in the early 1960°s when two cxtremely

lrare achondrites, called ureilites. were found within

a4 small area on the Nullarhor Plain. This increased
the total number of ureilites from three to five.
The (wo meteorites, named North Haig and Dingo

(3)—27474
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Higure 4—The 840ke mass of Mundrabilla No. 3 iron
meltcorile, The‘ finder, Mr A. J, Cauarliste., 15 in Lhe
photograph which depicts the featureless nalure of the

Nullarbor Plain.

Pup Dongz} were shown to be different meteorites
even thougn they were found within 30 km of each
other (Mason 1974),

Ancther unusual chondrite named Coorara was
also found close to Dingo Pup Donga in 1966,
AL the time this was only the second meleorile
of its type known. This meteorile contains in veins
formed either in the parent body or by shock in
orbital collisien of meteoroids or by shock on ut-
mespheric eniry, the high pressure minerals ring-
woodite and majorite (McCall and Cleverly 1968).
These nigh temperature minerals are of importance
to our understanding of planetary bodies.

Conclusion

Meteorites have played, and will continue (o play,
a crycial role in owr understanding of the formation
and evolution of the solar system. The most im-
portant veason for this is that (hey stand alone
among objects accessible for study as relics of the
earliest stuges of the solar system. The carbanaccous
chondrites in_particular, are thought 1o represent
pristine material which has survived, essentially un-
altered. during the past 4.6 billion yeurs of solar
system histery.  Samples of these meleorities have
provided information on the chemical composition
of the elements. and inclusions Irom some of them
have given cvidence of nucleosyntietic processes
which indicute the possibility of a supernova triguer
to the bjrlh of the solar system, Fven (he nﬁarc
evolved iron, stony-iron and achondritic meteorites
formed early in the solar system’s hisiory. probably
before the oldest known terresirial and lunar rocks,
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Although the six Apollo missions to the lunar
surface provided scientists with a precious store of
extra-terrestrial materials in the carly 1970's, meteorite
research is cxtremely vigorous today, in part because
of the fact that lunar studies revealed the imporiance
of meteorities to planetary science. The fucilities und
techniques which were established during the “Apollo
era” have however, contributed to the research effort
on meteoritics which has occurred over the past de-
cade,

In recent yeirs an enormous number of metcorites
have been found in Antarctica (Cussidy and Ranci-
telli 1982). The initial discovery was made in
1969 by @ Jupanese team of glactologists measuring
ice movemeni at the Yamato Mountains in Enderby
Land, whilst a second recovery has becn made at
Allan Hills in Victoria Land by a combined U.S.-
Japanesc tcam. Approximiticly 4 000 specimens have
so far been recovered from Yamato Mountains and
about 850 in south Victoria Lund. These specimens
may perhaps represent 500 or so distinct meteorites
and thus increase the world's stock of these precious
materials by about 25% ., and the search is continuing,
The Antarctic environment is so cold, dry and un-
contaminatcd that this greit cache of meleoritic
material will undoubtedly extend our present know-
ledge of mectcoritics.*

Another exciting discovery in recent years his been
the possibility that the extinction of dinosuurs and
numerous other species some 63 million years ago
at the Cretaceous-Tertiary boundary may have been
caused by a gigantic meteorite impact (Smith 1982},
1t has been shown that the concentrations of a num-
ber of elements fsuch as irtdium, osminm, gold and
palladium), ure greatly enhanced in a layer of clay
at thc Cretaceous-Tertiary boundary in a number
of locations in differemt parts of the world. Thesc
elements are extremely rare in the Earth’s crust, but
comparatively rich in meteoritic material, and it
will be of interest to see if the meleorite impact
hypothesis survives the numerous tests that will un-
doubtedly be carried out in the near future.

The meteorites which have been recovered from
the descrts and farmlands of Western Australia re-
present i ricn store of extratcrrestriil material which
have been used extensively by scientists both within
Australia and overseas. to study varions uspects of
the formation and evolution of the solar system.
Meteorites are survivors from the Asteroid belt which
have landed on the Earth’s surface, and been dis-
covered by observant men and women, in most cases
many vyears after their fiery descent through the
Eurtn's atmospbere. The Western Australian Mecteo-
rite. Collection is a tribute to those people who,
rcalising that these objects are of special significance
and part of our common heritage, have unselfishly
veported their occurrence and ussisted in their re-
covery.
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